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Statement of Critical Regional or State Water Problems

The presence of pathogens in surface water poses a serious threst to the safety of public
drinking water supplies. For example, in 1993 Milwaukee Wisconsin experienced the
largest single outbresk of waterborne diseasein U.S. history [1]. The outbreak, which
occurred due to the presence of Cryptosporidium parvum in drinking water obtained from
Lake Michigan, resulted in over 400,000 confirmed cases of gastrointestina disease.
Other confirmed etiologicad agentsinvolved in waterborne outbresks of gastrointestingl
disease include Giardialamblia, Shigdla 9., and Escherichiacoli 0157:H7 [2]. Asa
result of the health effects associated with microbid pathogens and other drinking weater
contaminants, nearly 40% of water treetment plantsin the United States will have to
upgrade their systems by 2001 at an estimated cost of $10 billion [3]. It is estimated that
80% of water treatment facilitieswill have to make changes to meet regulatory
requirements by the year 2005 [3].

The United States Environmenta Protection Agency (USEPA) Surface Water Treatment
Rule (SWTR) mandates specific remova requirements during drinking water trestment
for pathogens such as Giardia (99.9% remova) and viruses (99.99%) [4]. These remova
requirements apply to al water trestment plants utilizing surface weter, or groundweter
under the direct influence of surface water, and serving greater than 10,000 people. The
upcoming Enhanced Surface Water Treatment Rule (ESWTR), expected to go into effect
in early 1999, broadens these requirements and specifies that utilities must also
demondirate 99.0% removd for the pathogen Cryptosporidium [5]. The Long Term
ESWTR to be rdeased in the year 2000 will specify that smal systemns serving lessthan
10,000 people adso meet the remova requirements of the SWTR and ESWTR.



Membrane processes will likely play a mgor role in meeting upcoming remova
requirements for drinking water trestment. Presently, a number of large-scae membrane
filtration plants (0.6 to 37 million gallons per day) have been congtructed for treating
drinking water [6]. Membrane processes are especidly dtractive for smal sysems
because of their ability to meet multiple water treatment objectives. For example,
membrane filtration is effective at removing particulates and pathogens, aswell as

organic molecules that contribute to the formation of disinfection by-products. Membrane
filtration is currently listed as a USEPA compliance technology for smdl systems to meet
the SWTR [7].

Despite the promise of membrane processes for drinking water treatment, the wide
gpplication of this technology has been limited due to the problem of membrane fouling
[8, 9]. Membrane fouling occurs as aresult of the buildup of particulates and organic
materid on the surface and within the pores of the membrane and results in decreased
water flux and greater operating costs. Current cleaning techniques are somewhat
effective in restoring water flux. However, these processes are limited because their
effectiveness decreases over time, they are [abor intensive, require chemica handling,
and involve ggnificant down time of the system.

In this research, we will investigate a new gpproach for cleaning fouled membranes
during drinking water treestment. In particular, we will examine whether sonication can be
used to reduce membrane fouling by removing deposited layers of particles and organic
materia. Sonication of fluids such as water produces cavitation bubbles which upon
collapse, due to a surface or other asymmetry, results in the formation of "microjets’ [10].
We suspect that the formation of microjets adjacent to the surface of afouled membrane
will scour particles and organic matter from the membrane, thus increasing water flux
through the membrane and decreasing operating costs. Also, sonication of membranes
may increase the solubility of precipitates and therefore decrease membrane scaing.
Sonication is an attractive gpproach to reduce fouling because it does not require
chemicas or chemica handling, little labor isrequired, and it may be used for both large
and smdl-scde systems. In addition, this technique may be applied during norma
operation and therefore no downtime would be required for cleaning.

Statement of Results or Benefits

This research will result in anew approach for decreasing membrane fouling during
drinking water treatment, as well as a better understanding of the fundamentd
mechaniams controlling the removd of particulates and organic materid from membrane
surfaces. We believe thiswork will represent the first systlematic investigetion of the
effect of sonication on the reduction of membrane fouing during drinking water
trestment. Our primary god in this project isto develop a mechanistic understanding of
how sonication reduces membrane fouling of particulates and organic materid. The
purpose of understanding mechanismsisto rationdly develop design criteriafor
membrane treatment processes using ultrasound.



We bdieve the application of results generated from this research in drinking water
trestment will lead to anumber of practica benefits. Benefits that may accrue include a
more reliable and less costly treatment approach for small systems, and lower chemical
codsfor large plants utilizing membrane processes. In addition, application of this
research may lead to adecrease in the negative hedth effects associated with both
microbia pathogens, and disinfection by-products arisng from the presence of organic
matter.

Natur e, scope, and obj ectives of the research

The decrease in water flux as aresult of membrane fouling is due to three primary
processes: cake layer formation, attachment of material to membrane pores, and
membrane scaling. Cake layer formation occurs as aresult of the buildup of materid
(solute, organic molecules, or particles) on the surface of the membrane [11-14]. This
buildup increases the hydrodynamic resstance in the membrane. In addition, the high
loca concentration of materia at the membrane-water interface can result in an increase
in the osmoatic pressure that tends to resst water movement through the membrane.
Attachment of organic materid or particles within the pores of the membrane dso
increases the hydrodynamic resistance to flow. Particles or organic materid attachment is
controlled by eectrogtatic, van der Wads, and hydrophobic interactions as well as
through hydrogen bonding. Membrane scaing may occur when moderate concentrations
of divalent cations or metas are present in solution [15-17]. In such cases, precipitation
reactions within the pores of the membranes may result in sgnificant flux reductions.

A number of membrane "cleaning” processes have been investigated to minimize the
effects of membrane fouling. These processes can be broadly characterized as being
physicd, chemicd or dectrica techniques. Physical processes to increase permegate water
flux indlude low and high frequency backwashing [17-21], cross-flow shearing [22], and
bubbling [23]. Chemica processes are the most commonly used techniquesin practice
and include acid/base treatment [24] and the use of surfactants. Both physica and
chemicd cleaning processes are limited, however, in that they require sgnificant
downtime in operation and are labor intensve. In addition, studies have shown that the
membrane flux may not be completely restored using these techniques [24]. Electrica
processes are rlaively new and involve applying ether adirect or dternaing current to
the membrane to remove deposited particles [25-27]. These techniques are attractive in
that they require little or no system downtime. However, the gpplication of an eectrica
fidd results in changes in water pH and electrolysis at the eectrode surface. In addition,
eectrica cleaning processes can result in eectro-coating of membrane surfaces for
solutions with high hardness or meta contents.

Ultrasonic irradiation of agueous solutions has been shown to be effective for thein Stu
destruction of avariety of organic and inorganic contaminants [28-31]. Ultrasonic
irradiation produces cavitation bubbles which yield interna bubble temperatures on the
order of 5000 K and pressures of hundreds of atmospheres upon their implosion [32]. The
interior of a cavitation bubble contains water vapor, gas, and volatile compounds.
Destruction of organic compounds occurs in the cavitation bubble itself or at the



interfacid sheath by direct pyrolysis or hydroxylation that results from gas- phase
pyrolysis of H20:

H20->H + OH

(1) Besides chemical effects, ultrasound also affects the physical surface of materials and
isused for: lysng cells, cleaning surfaces, filtering particles, and fracturing particles [33].
Ultrasonic cleaning is the result of cavitation bubbles at or near the surface of the object
to be cleaned aswell as acousdtic streaming which is an accderation of the liquid created
by the propagating ultrasonic wave. In cleaning, microstreaming and acoustic Streaming
bring fresh solution to the surface solubilizing particles, whereas cavitationd eroson of
the surface removes insoluble contaminants. Ultrasonic cleaning is most effective on
sound-reflecting materials such as metd, glass and plagtic. Fracturing of particleshas dso
been observed resulting from bubble implosion at the surface of the particle [34]. Erosion
of materidsis due to bubble collgpse near a solid surface producing an asymmetric
collapse resulting in the formation of a microjet. Numerica estimates of the jet velocity
range from 100 to 1000 m s-1 [10].

In this research, we will study the use of sonication for cleaning fouled drinking weater
membranes. Specific research objectivesinclude: (1) systematically investigete the effect
of sonication on membrane fouling, and (2) examine how the sonic detachment of
deposited materid is controlled by the mechanism of membrane fouling (e.g., particle
cake layer formation and organic matter attachment within pores). In particular, we will
examine the importance of water characterigtics (e.g., pH, ionic strength, hardness, etc.),
water flux, particle type (inorganic versus organic, Sze, morphology, surface charge),
organic matter content (charge, size, hydrophaobicity), sonicator configuration (e.g., angle
of sonication, distance of probe to membrane) and membrane type (pore size, materia)
on the detachment of materia during sonication.



